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Abstract 
Moving visual fields can have strong destabilising effects on balance, particularly when 
visually perceived motion does not correspond to postural movements. This study 
investigated relationships between visual field dependence (VFD), as assessed using the roll 
vection test, and reported dizziness, falls and sway under eyes open, eyes closed and 
optokinetic conditions. Ninety five falls clinic attendees undertook the roll vection test (i.e. 
attempted to align a rod to the vertical while exposed to a rotating visual field). Sway was 
assessed under different visual conditions by centre of pressure movement. Participants 
also completed questionnaires on space and motion discomfort, fear of falling, depression 
and anxiety. Thirty four (35.8%) participants exhibited VFD, i.e. had an error > 6.5º in the roll 
vection test. Compared to participants without VFD, participants with VFD demonstrated 
less movement of the centre of pressure across all visual conditions,  were more likely to 
report space and motion discomfort and to have suffered more multiple falls in the past 
year. VFD was independent of fear of falling, anxiety and depression. VFD in a falls clinic 
population is associated with reduced sway possibly due to a stiffening strategy to maintain 
stance, dizziness symptoms and an increased risk of falls. 
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1. Introduction 
Visual Field Dependence (VFD) is a strong reliance on vision for spatial orientation and 
balance and is thought to develop as a compensation for reduced vestibular and 
proprioceptive balance functions. It increases with age [1] and is prevalent not only in older 
people [2] but also in those with vestibular and anxiety disorders [3, 4]. 
Visual dependence can lead to ‘visual vertigo’, particularly in patients with confirmed or 
suspected vestibular dysfunction [5, 6, 3]. Many patients with anxiety also describe 
symptoms of imbalance and/or dizziness that can be elicited by specific visual conditions. 
This particular phenomenon has also been described as ‘Space and Motion Discomfort’ 
(SMD), a common problem in some vestibular and anxiety disorders [7] that can be 
triggered by common everyday situations such as walking within a crowd, adjacent to 
moving vehicles or looking up at tall buildings. 
Moving visual fields can have strong destabilising effects on balance, particularly when 
visually perceived motion does not correspond to the body movements sensed by the 
vestibular and somatosensory systems and it has been demonstrated that tilted and moving 
visual fields can affect the perceived upright [6]. This apparent displacement of the postural 
vertical appears to be the result of a central re-computation that results from an attempt to 
resolve the contradictory sensory inputs of the vertical. Moving visual environments can 
cause postural changes [8], disequilibrium, and motion sickness in healthy adults, and in 
patients with balance disorders these effects can be even greater [9]. 
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To date no studies have reported the prevalence of VFD or have examined the relationship 
between VFD and sway in older people at increased risk of falls, such as those who attend a 
falls clinic. This information could be valuable for understanding fall risk and guiding the 
treatment and clinical rehabilitation in this group. The primary aims of this study were to 
assess whether VFD, as assessed with the roll vection test [10], is associated with fall rates in 
a falls clinic population, and to investigate the relationship between VFD and sway 
characteristics under conditions of eyes open, eyes closed and moving visual scenes using 
optokinetic stimulation. Secondary aims were to investigate relationships between VFD and 
space and motion discomfort, anxiety, depression and falls efficacy. 
2. Methods 
2.1 Participants 
The sample comprised a convenience sample of 100 patients who had been referred to the 
outpatient Falls Clinic at the Repatriation General Hospital; 84 participants reported one or 
more falls in the previous year and the remaining 16 were referred for investigation of 
balance problems. No patients had an overt neurological disorder (such patients attend a 
neurology clinic). The average Physiological Profile Assessment fall risk score for the group 
was 1.93 (SD=1.19) indicating a high fall risk [11]. Participant characteristics are outlined in 
Table 1. The only exclusion criterion for this study was an inability to stand unassisted for 60 
seconds. The assessments were conducted by one of two physiotherapists and standardised 
procedures were used to ensure consistency in test administration. The study was approved 
by the Flinders Human Research Ethics Committee and participants provided written 
informed consent before participating in the study. 
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2.2 Assessments 
2.2.1 Roll Vection 
The Roll Vection Test (RVT) [10] was used to assess perception of the vertical under a 
visually challenging situation. The RVT apparatus consisted of a dome (opened umbrella), 
125cm in diameter, with 8 alternating black and white triangular panels. The dome was 
mounted horizontally with a bracket onto an adjustable stand via the central shaft of the 
dome. During the test the dome was rotated by a motor connected to the shaft via 
sprockets and a belt drive. An axle ran through the shaft and attached to a smaller flat white 
disc (21cm diameter) such that the rotation of the dome was uncoupled from the rotation 
of the disc. The disc extended out from the inner surface of the dome to about level with its 
rim. The white disc was marked with a straight black line across its centre. The participant 
stood within arm’s reach of the disc, with the height of the axis of rotation of the dome and 
disc adjusted to eye level. At the start of the test the white disc was rotated so that the 
black line was offset by 26° from vertical. 
Participants were instructed to focus on the centre of the static small white disc while the 
dome rotated counter-clockwise at 16rpm for 30 seconds. At the end of the 30 second trial, 
and while the dome was still rotating, each participant was instructed to rotate the white 
disc until the black line was perceived to be vertical. The angular error from true vertical of 
the black strip on the small disc was measured for each trial using a digital spirit level. 
Participants performed 6 trials, 3 with the black line on the disc tilted in the direction of the 
roll and 3 with the line on the disc tilted in the opposite direction of the roll. The mean 
deviation in degrees from vertical measured over the 6 trials was recorded as the overall 
angular error.  An error of 6.5° was defined as VFD [10]. 
6 
 
2.2.2 Postural sway during standing balance 
Standing balance tests were conducted barefoot with feet positioned comfortably apart so 
that each foot was positioned on one of two adjacent force platforms (AMTI, Watertown, 
MA). Trials of 30 second duration were recorded for six conditions: eyes open (EO), eyes 
closed (EC), and optokinetic conditions of forwards optic flow (FW), backwards optic flow 
(BW), clockwise rotation (CW), and counter-clockwise rotation (CCW). For optokinetic 
conditions, visual stimuli of alternating black and white segments were projected onto a 
hemi-spherical immersadome positioned 0.6m in front of the participant. Participants were 
instructed to look at the centre of the projected video image. Each participant attempted 
each condition twice, completing up to 12 standing balance trials, with the order of 
conditions randomised across the trials. 
During each standing trial centre of pressure (CoP) data were acquired from each force 
platform at 100Hz using Nexus v1.4 software (Vicon, Oxford, UK) and filtered using a 
General Cross Validation Woltring Spline filter. The first 2 seconds of data from each trial 
were discarded and the overall length of the resultant CoP trajectory (CoP path length, mm) 
was calculated from CoP co-ordinates. Mean sway parameter values were calculated for 
each participant who completed two trials of each condition. The Romberg quotient (ratio 
of sway of EC/EO) and optokinetic quotients (BW, FW, CW, CCW, /EO) were calculated to 
assess the destabilising effect of each visual condition. 
 
2.2.3 Dizziness, anxiety, depression and fear of falling 
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Participants were asked if they experienced symptoms of dizziness and the number of falls 
in the past year were recorded. Questionnaires completed by the participants included: 
The Goldberg Anxiety and Depression Scales (GAD) [12]. A 50% chance of a clinically 
important disturbance in anxiety and depressive symptoms can be defined as scale scores of 
>5 and >2 respectively. 
The Situational Characteristics Questionnaire parts I (SCQ-I) and II (SCQ-II) [7] to measure 
space and motion discomfort.  Part I of the questionnaire is recommended for quantifying 
space and motion discomfort in patients with anxiety or balance disorders, by evaluating 
situations such as those that involve excessive vestibular stimulation (e.g. dancing) and 
movements that involve reorientation with respect to gravity (e.g. looking up at tall 
buildings)[13]. Part II asks participants to rate how uncomfortable they feel on a scale of 0-3 
on 9 situations including closing the eyes in a shower, and degree of discomfort as the day 
progresses [7].  
The Falls Efficacy Scale – International (FES-I) [14], to assess fear of falling.  A fear of falling 
of high concern was defined as a score >23 [15] 
2.3 Statistical analysis 
Chi square tests for contingency tables and group t-tests were used to compare participants 
with and without VFD (i.e. those with RVT scores of above or below 6.5°). Pearson’s 
correlations were used to contrast VFD as a continuous variable with levels of anxiety, 
depression, space and motion discomfort, and fear of falling. Data was analysed using SPSS 
(Chicago, IL, USA) for Windows version 19. Alpha was set to 0.05 for all analyses. 
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3. Results 
Ninety five participants completed all assessments. Demographic and questionnaire data 
are presented in Table 1. Two participants could not tolerate the RVT, and data were lost for 
three participants due to equipment malfunction. The mean age of the sample was 82 
years, (SD 6.1, range 68-94) and 57 (60%) were women. 69 participants (73%) reported 
multiple (2 or more) falls in the past year and 36 participants (38%) reported symptoms of 
dizziness. 
3.1 Roll Vection 
Results for the RVT are presented in Table 2. Mean error in aligning the rod to the vertical in 
the RVT was 5.8° (SD 3.8). Participants who reported multiple falls in the previous year had a 
significantly larger deviation from vertical in the RVT than those who reported no or one fall 
in this period (t(93)=3.16, p=0.002). Thirty four participants aligned the rod greater than 6.5° 
from the vertical and were defined as being VFD. 
3.2 VFD and sway 
Those with VFD, had a significantly shorter CoP path length in standing balance tests for all 6 
conditions compared to those without VFD (p<0.05) (figure 1). The quotients of sway CoP 
path length of eyes closed and each of the OKS conditions with eyes open are presented in 
table 2. Values greater than 1 indicate a destabilising effect. No significant differences 
between participants classified as being with or without VFD were found for any of the CoP 
quotient measures. 
3.3 VFD, anxiety, depression, fear of falls, and space and motion discomfort 
9 
 
Those with VFD had significantly higher levels of space and motion discomfort as measured 
on part II of the situational characteristics questionnaire than those without VFD 
(t(93)=2.06, p=0.04) (table 1). There were no significant differences in the Goldberg anxiety 
and depression scales, fear of falling as measured by the FES-I questionnaire, and the 
situational characteristics questionnaire part 1 scores between those with and without VFD. 
4. Discussion 
This study assessed whether there were relationships between VFD and measures of sway, 
dizziness, anxiety, depression and falls in a falls clinic population. We assessed postural sway 
in six experimental conditions to challenge the role of vision under optokinetic conditions. 
The results showed that one third of the sample suffered VFD, based on published criteria 
and that those with VFD had more falls and demonstrated reduced sway across all balance 
conditions. 
Participants with VFD consistently demonstrated a significantly shortened CoP path length 
than those without VFD, which was likely due to a stiffening strategy to maintain postural 
control [16]. EMG analysis has revealed the importance of calf muscle contractions in the 
control of balance during quiet stance [17].  Increased muscle co-contraction may be the 
strategy used in this group for managing postural control as a result of less reliable 
proprioceptive or vestibular input. Several studies have reported age-associated increases in 
muscle co-activation during dynamic movements (i.e. walking and stair climbing) [18] and 
under different experimental conditions in response to a postural threat, including platform 
movements [19, 20], reaching or bending forward [21, 22], voluntary rotations in the lateral 
or yaw plane [22, 23] and during gait [24]. Increased muscle co-activation in older adults has 
often been described as a compensatory mechanism to increase joint stiffness to enhance 
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joint and postural stability [25, 26, 27]. This response has been associated with physiological 
arousal [16] and fear of falling [28, 29, 30] with the rationale that people who are afraid to 
fall co-contract in anticipation of postural perturbations [31, 29].  As falls occur in our 
cohort, it may be that co-contraction is not a sufficient strategy.  Older female fallers have 
been shown to have lower muscle density than non-fallers [32], so the stability offered by 
co-contraction may not prevent all falls. 
The reduced path length for people with VFD, observed across all conditions, including eyes 
open with no optokinetic stimuli, was not associated with an increase in anxiety, depression, 
or falls efficacy. Additionally, the Romberg and optokinetic quotients showed a destabilising 
effect across the group as a whole, with the destabilising effect no different between those 
with and without VFD. We have previously shown that participants who report having 
symptoms of dizziness also demonstrate a reduced sway path when exposed to optokinetic 
stimuli [33]. VFD may be a phenomenon that leads to a general stiffening muscle co-
activation, a necessary adaptation to compensate for the poor perception of the subjective 
vertical, independent of dizziness, anxiety, depression and fear of falling. 
The stiffening strategy observed in people with VFD may not be a beneficial postural 
adaptation. It has been shown that excessive muscle co-activation increases postural rigidity 
and reduces the degrees of freedom in the postural control system [27, 34]. This may 
compromise the ability to perform voluntary responses or adjust to unexpected 
perturbations [35, 36] and hence increase the risk of falling [18]. Nagai et al [37] 
demonstrated an inverse significant association between muscle co-activation during quiet 
standing and dynamic postural control, suggesting greater muscle co-activation exerts a 
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deleterious effect on dynamic postural control. Further research may help clarify whether 
this stiffening strategy is maladaptive and/or associated with falls.  
Visual-vestibular conflict and optokinetic stimulation have been used as intervention 
strategies for vestibular rehabilitation [38, 39, 40, 4]. However, in this study optokinetic 
stimulation conditions did not trigger augmented destabilising effects, therefore exposure 
to optokinetic stimulation may not be an appropriate intervention in rehabilitation for older 
people at increased risk of falls. Decreasing muscle co-activation as a primary goal of the 
intervention program may be a preferred approach. Nagai et al [37] have reported that co-
activation during postural control decreases after balance training in older adults, which can 
be associated with improvement of postural control. 
Our study results revealed significantly higher levels of space and motion discomfort in 
elderly fallers with VFD, as measured on part II of the situational characteristics 
questionnaire. This sub-scale has been recommended for quantifying space and motion 
discomfort in patients with anxiety and/or balance disorders [41]. However the majority of 
studies use part I of the scale to measure space and motion discomfort in relation to anxiety 
disorders [7, 42]. To our knowledge, only one study has made reference to part II of the 
questionnaire [43] and the scoring system within that refers to unpublished data. It may be 
that part II of the situational characteristics questionnaire measures a different domain of 
Space and Motion Discomfort, and could potentially be used to identify different subgroups 
of patients who have balance issues independent of anxiety. 
Certain study limitations are acknowledged. First, it is possible that during the balance tests, 
participants used reference points outside the immersadome. However, we attempted to 
minimise this possibility by positioning the 2 meter wide immersadome directly in front of 
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participants to ensure that it covered more than 130° of visual angle [44]. Second, we have 
attributed shortened CoP path length to a stiffening strategy due to muscle co-contraction, 
however we acknowledge we did not measure surface EMG activity of the leg muscles to 
confirm this. No patients referred to the falls clinic had overt neurological disorders, which 
would have impacted significantly on their balance. It is acknowledged, however, that other 
unmeasured co-morbidities may have influenced the visual field dependence and sway 
tests. Another limitation is the use of retrospective falls data, which are subject to recall bias 
and do not allow us to draw conclusions about cause and effect. 
In summary, our study findings demonstrate that about one third of elderly fallers have VFD 
as measured by the RVT and that this condition is associated with  a sway pattern consistent 
with a generalized stiffening, presumably as a compensatory strategy to enhance postural 
stability. Sway did not significantly increase in optokinetic stimuli conditions suggesting that 
moving visual stimuli does not differentially affect stability in elderly fallers with and without 
VFD. This and the fact that no associations were observed with anxiety, depression or fear 
of falling suggest that VFD may be an independent falls risk factor. Rehabilitation of the 
elderly with VFD with the aim of improving posture and balance should therefore not focus 
on optokinetic stimuli exposure. Future research should determine if the observed stiffening 
strategy is in fact maladaptive and further investigate its relationship with falls in older 
people. 
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Table 1. Mean (SD) age, roll vection and questionnaire results for the total sample and those 
with and without visual field dependence (VFD).   
Measure Total 
(n=95) 
VFD 
(n=34) 
non VFD 
(n=61) 
P 
Age 82.5 (6.1) 81.4 (7.4) 83.2 (5.2) .216 
Roll Vection (degrees) 
Goldberg Anxiety Score 
Goldberg Depression Score 
Sit-Q-I Score 
Sit-Q-II Score 
FES-I Total Score* 
5.8 (3.8) 
2.3 (2.7) 
3.4 (2.5) 
2.4 (3.3) 
6.7 (6.1) 
28.9 (10.2) 
3.5 (1.6) 
2.4 (2.7) 
3.5 (2.7) 
3.3 (4.1) 
8.4 (7.1) 
29.8 (7.1) 
10.0 (3.1) 
2.3 (2.7) 
3.4 (2.3) 
1.9 (2.6) 
5.7 (5.3) 
28.7 (10.8) 
<.001 
.737 
.750 
.087 
.042 
.737 
*n=62 
Sit-Q = situational characteristics questionnaire FES-I = falls efficacy scale international 
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Table 2. Mean (SD) Romberg and Optokinetic Quotients for postural sway in people with 
and without visual field dependence (VFD) 
Measure VFD 
(n=34) 
non VFD 
(n=61) 
P 
Eyes Closed / Eyes Open 1.28 (0.48) 1.27 (0.39) 0.98 
Forwards / Eyes Open 1.33 (0.59) 1.26 (0.35) 0.43 
Backwards / Eyes Open 1.09 (0.24) 1.15 (0.26) 0.24 
Clockwise / Eyes Open 1.21 (0.41) 1.16 (0.29) 0.54 
Counter Clockwise / Eyes Open 1.11 (0.21) 1.15 (0.24) 0.45 
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Figure 1. Mean (SEM) centre of pressure (CoP) path length for participants with VFD (n=34) 
and without VFD (n=61).  Group differences are significant for all conditions (p< 0.05). 
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